Abstract Coccinia grandis (L.) fruits (CGFs) are commonly used for culinary purposes and has several therapeutic applications in the Southeast Asia. The aim of this work was to evaluate phytochemical profile, aldose reductase inhibitory (ARI), and antioxidant activities of CGF extract. The CGFs were extracted with different solvents including petroleum ether, dichloromethane, acetone, methanol, and water. The highest yield of total extractable compounds (34.82%) and phenolic content (11.7 ± 0.43 mg of GAE/g dried extract) was found in methanol extract, whereas water extract showed the maximum content of total flavonoids (82.8 ± 7.8 mg QE/g dried extract). Gas chromatography-mass spectroscopy (GC-MS) analysis of methanol and water extract revealed the presence of flavonoids, phenolic compounds, alkaloids, and glycosides in the CGFs. Results of the in vitro ARI activity against partially purified bovine lens aldose reductase showed that methanol extract of CGFs exhibited 96.6% ARI activity at IC 50 value 6.12 lg/mL followed by water extract 89.1% with the IC 50 value 6.50 lg/mL. In addition, methanol and water extracts of CGF showed strong antioxidant activities including ABTS *? scavenging, DPPH* scavenging, and hydroxyl radical scavenging. Our results suggest that high percentage of both flavonoids and phenolic contents in the CGFs are correlated with the ARI and antioxidant activities. The fruits of C. grandis are thus potential bifunctional agents with ARI and antioxidant activities that can be used for the prevention and management of DM and associated diseases.
Introduction
Diabetes mellitus (DM), commonly known as diabetes, is a series of metabolic disorders characterized by hyperglycemia (high blood glucose) arising from the impaired insulin secretion, insulin action, or both (American Diabetes Association 2010). According to World Health Organization (WHO) report, an estimated 422 million adults were affected by diabetes in 2014 (WHO 2016) . The chronic hyperglycemia of diabetes leads to serious damage of body's systems such as kidney failure, heart attacks, stroke, retinopathy, and cataract formation (WHO 2016; Kador 1988) . Aldose reductase (EC 1.1.1.21) is a first and rate-limiting enzyme in the polyol pathway that catalyzes the reduction of glucose to sorbitol, which is then converted to fructose by sorbitol dehydrogenase (Lorenzi 2007) . Normally, 3% glucose enters in the polyol pathway (Morrison et al. 1970) , but under the hyperglycemic condition, it goes to more than 30%, resulting in several metabolic imbalances of the cell (Gonzalez et al. 1984) . Excess accumulation of sorbitol in the lens fibers causes the influx of water and generates osmotic swelling resulting into cataracts and progression of diabetic complications (Kinoshita et al. 1981; Mestry et al. 2016) . Advances in understanding the pathological roles of aldose reductase revealed that this enzyme is also involved in inflammatory signaling under both normoglycemic and hyperglycemic conditions. In addition, oxidative stress and free radicals are closely responsible for the induction of diabetic complications (Wiernsperger 2003) . Hence, there is growing interest in searching novel and effective ARIs, particularly with antioxidant activities that can be an effective strategy for the prevention and management of DM (Gacche and Dhole 2011) .
To date, a great variety of ARIs has been identified including tolrestat, epalrestat, zenarestat, zopolrestat, sorbinil, quercetin, fidarestat, ranirestat, ponalrestat, lidorestat, and resveratrol (Wang et al. 2017; Reddy et al. 2014) . However, use of most inhibitors remained limited due to the low in vivo efficacy, or adverse side effects (Miyamoto 2002) . Epalrestat is the only drug which showed a good clinical effect and thus used in Japan, China, and India for the treatment of diabetes (Hotta et al. 1996; Iso et al. 2001) . Moreover, the use of synthetic antioxidants such as butylated hydroxytoluene is also harmful due to their carcinogenic effects . Therefore, several studies have been undertaken to search plant products that could effectively inhibit aldose reductase, reduce oxidative stress, and exhibit antioxidant activity. Interestingly, it has been suggested that sufficient consumption of polyphenolics and flavonoid-rich plant foods could help in preventing about 90% of DM cases (Willett 2002) .
C. grandis L. (Family: Cucurbitaceae) is a climbing perennial herb, growing throughout India. It has also been found in several Asian and African countries. It is well known for fruiting throughout the year. The fruits of C. grandis are traditionally used for culinary and medicinal purposes. The medicinal uses of Coccinia plant can be traced to an ancient period, where the juice of the roots and leaves was used in the treatment of diabetes, gonorrhoea, and constipation (Rao et al. 2003; Vaishnav et al. 2001 ). In addition, various parts of the herb (including the leaves, stems, and roots) are traditionally used for the treatment of bronchitis, jaundice, burns, skin eruptions, fever, insect bites, allergy, eye infections, gonorrhoea, syphilis, etc. (Wasantwisut and Viriyapanich 2003) . Leaves of C. grandis have been reported to contain a high amount of phenolic and flavonoid compounds and possess antioxidant properties (Umamaheswari and Chatterjee 2008) . Pharmacologically, fruits of C. grandis have been screened for anti-glycation and insulinotropic activities (Meenatchi et al. 2017) . In particular, the fruits of C. grandis plant used in culinary purposes have become the natural source of herbal medicine. Search for components with ARI and antioxidant activities revealed that C. grandis is a very important herb with recognized biological activities. However, there is a dearth of scientific information on the phytochemical contents of C. grandis fruits and how it impacts ARI and antioxidant activity.
To the best of our knowledge, no ARI activity studies with this plant fruits and identification of its biologically active phytochemicals were carried out, showing the novelty of our work. Therefore, this study reports for the first time, the ARI activity of CGF extract and identification of phytochemical constituents from it. In addition, the antioxidant activities such as ABTS *? scavenging, DPPH* scavenging, and hydroxyl radical scavenging were also determined. These findings will not only extend our knowledge of ARI and antioxidant activity of C. grandis, but will also provide a valuable information for developing natural drugs that can alleviate diabetes-induced complications.
Materials and methods

Materials
2,2
0 -azino-bis(3-ethylbenzthiazoline-6-sulfonic acid) (ABTS), 2,2-diphenyl-1-picrylhydrazyl (DPPH), Trolox, gallic acid, and other chemicals were purchased from Sigma-Aldrich (St. Louis, MO, USA). Nicotinamide adenine dinucleotide (NADPH), DEAE cellulose, DL glyceraldehyde, ethylenediaminetetraacetic acid (EDTA), and Folin-Ciocalteu 0 s phenol reagent were procured from HiMedia Laboratories Pvt. Ltd. (Mumbai, MS, India). All high-performance liquid chromatography (HPLC) grade solvents such as petroleum ether, dichloromethane, acetone, and methanol were obtained from Merck (Darmstadt, Germany).
Fruits and extraction preparation
The C. grandis fruits were obtained from food market (Barshi, MS, India) and identified by Professor Prakash Sarwade (SPM RG Shinde Mahavidyalaya, Paranda, MS, India). The CGFs were washed thoroughly with distilled water to remove the adhered dust, cut into small pieces, and dried under shade at a temperature below 40°C. Dried fruit pieces were ground in a mixer and sieved to obtain a uniform powder. The fruit powder (100 gm) was then extracted with different solvents (500 mL) of increasing polarity v.z. petroleum ether, dichloromethane, acetone, methanol, and water for 12 h with soxhlet extractor. The extracts were filtered (Whatman grade No. 1 filter paper), evaporated under low pressure (Rotavapor Ò R-300, Buchi, Flawil, Switzerland), concentrated to a powder by freeze dryer (Alpha 1-2 LDplus, Martin Christ, Osterode am Harz, Germany), and weighted. The freeze dried CGF extracts were dissolved in DMSO (1 gm/mL) and used for in vitro studies unless otherwise stated.
Total phenolic and flavonoid contents
The total phenolic content (TPC) of the various CGF extracts was determined using Folin-Ciocalteu 0 s phenol reagent and external standard calibration with gallic acid (Singleton et al. 1999) . Briefly, the extract solution (0.5 mL, 1 gm/mL) prepared in DMSO was mixed with Folin-Ciocalteu 0 s phenol reagent (0.5 mL). The mixture was shaken for 5 min and neutralized with sodium carbonate (0.5 mL, 20%, w/v). The reaction mixture volume made to 5 mL with distilled water and incubated at room temperature (25°C) for 90 min with intermittent shaking. The absorbance of blue color formed was measured spectrophotometrically at 760 nm (UV-1700, Shimadzu, Kyoto, Japan). The control reaction contained all reagents except extract. The TPC was calculated as mg of gallic acid equivalent/g dry extract using an equation derived from the gallic acid calibration curve.
The total flavonoids content (TFC) of the various CGF extracts was determined by the aluminum chloride colorimetric method with slight modifications (Chang et al. 2002) . For each sample, the extract solution (250 lL, 1 gm/mL) prepared in DMSO was mixed with distilled water (1 mL) and sodium nitrate solution (150 lL, 5%, w/v). After 6 min of incubation, aluminum chloride solution (75 lL, 10%, w/v) was added and the mixture was further allowed to stand for 5 min. Then, NaOH solution (1 mL, 1 mol/l) was added, and the final mixture volume was made to 2.5 mL with distilled water. The mixtures were vigorously mixed, and the absorbance was measured at 510 nm after 15 min of incubation. TFC was expressed as mg of quercetin equivalent/g dry extract using an equation derived from quercetin calibration curve.
GC-MS analysis
The phytochemical evaluation of the methanolic and water extracts of CGF (100 lg/mL, 1 gm/mL chloroform) was performed on a GC-MS instrument (QP2010 model, Shimadzu Corporation, Kyoto, Japan) as per previous report (Ghosh et al. 2015) . For MS detection, an electron ionization system with ionization energy of 70 eV was operated. HP-5MS capillary column (30 m 9 0.25 i.d., film thickness 0.25 lm) was used. Helium (99.99%) was used as carrier gas at a flow rate of 1 mL/min. The GC injector and MS transfer line temperature were set at 280 and 290°C, respectively. An injection volume of 1 lL was employed for each extract. The GC was operated in splitless mode and at a range of 50-550 m/z. The phytochemicals of CGF extracts were identified by comparing their retention times and mass fragmentation patterns with the spectrum of known compounds available at Wiley 7.0 library.
ARI assay
The isolation and purification of AR from bovine lens were performed as per the modified method of Hayman and Kinoshita (1965) . The ARI activity of varying concentrations (10, 25, 50, and 100 lg/mL in DMSO) of CGF extracts was assayed spectrophotometrically by monitoring the oxidation of NADPH at 340 nm (UV-1700, Shimadzu, Kyoto, Japan). Quercetin was used as a positive control for ARI. The percent inhibition was calculated using the following formula:
The concentration of extracts required for ARI (50%) was calculated from the least-squares regression line of the logarithmic concentrations plotted versus the residual activity.
Determination of ABTS *1 scavenging ability
Radical scavenging activity of the CGF extracts was assessed spectrophotometrically by ABTS *? cation decolorization assay (Re et al. 1999) . Briefly, an aqueous solution of ABTS *? (7 mM) and potassium persulfate (2.45 mM) was mixed and left at room temperature for 10-12 h under dark until absorbance gets stable. The characteristic of blue-green colored ABTS *? solution was diluted with ethanol to an absorbance of 0.70 at 734 nm. Then, extract sample (0.1 mL) (10, 25, 50, and 100 lg/mL) and ABTS *? solution (0.9 mL) were mixed and incubated at 30°C for 30 min, and the absorbance was taken at 734 nm. Trolox was used as positive control. The ABTS *? scavenging ability of CGF extracts was determined using the following formula:
ABTS
Ãþ scavenging ability ð%Þ
Determination of DPPH free radical scavenging ability
Free radical scavenging activity of the various CGF extracts was determined according to the method of Blios (1958) . Briefly, 100 lL of different concentrations of CGF extracts in methanol (10, 25, 50, and 100 lg/mL) were added to DPPH* methanolic solution (5 mL, 0.1 mM). The content was homogenized vigorously and left for 20 min at room temperature in dark. Absorbance of the aqueous solution was measured spectrophotometrically at 517 nm against a blank. BHT was used as positive control. The antioxidant activity was expressed as the percent reduction of free radical by the sample and calculated according to the following formula:
Hydroxyl radical scavenging activity
Hydroxyl radical scavenging activity of the methanolic and water extracts of CGF was determined according to the earlier method (Klein et al. 1981) . Different concentrations of CGF extracts (25, 50, 100, and 200 lg/mL) in methanol (1 mL) were made and iron-EDTA solution (0.13% ferrous ammonium sulphate and 0.26% EDTA), EDTA (0.5 mL, 0.018% w/v), DMSO (1 mL, 0.85% v/v in 0.1 M phosphate buffer, pH 7.4), and ascorbic acid (0.5 mL, 0.22% w/v) were added. The reaction mixture was incubated in a water bath (80-90°C) for 15 min, and the reaction was terminated by ice-cold trichloroacetic acid (TCA) (1 mL, 17.5% w/v) addition. To the reaction content, Nash reagent (3 mL) having a composition of ammonium acetate (75.0 g), glacial acetic acid (3 mL), and acetylacetone (2 mL) in distilled water (total volume to 1 L) was mixed and made up the volume to 1 L with distilled water. After incubation for 15 min at room temperature, the absorbance of formed yellow color was measured at 412 nm against a reagent blank. The percent inhibition was calculated using the following formula:
HRSA ð%Þ ¼ 1 À Difference in absorbance of sample Difference in absorbance of blank Â 100:
Results and discussion Extraction yields, TPC, and TFC Among several methods to recover and isolate phytochemicals from the plant, the solvent extraction has been widely used. In this work, CGFs extraction was carried out using different solvents and the obtained extraction yield is presented in Phenolics are the main responsible constituents of plants for antioxidant activity due to their scavenging ability on free radicals conferred by their hydroxyl groups (Yildirim et al. 2000) . In addition, phenolic compounds are effective on polyol enzymes, which are involved in the diabetic complications (Aslan and Beydemir 2017) . This class of phytochemicals is, therefore, important for the human nutrition and health. TPC of the different solvent extracts of CGF calculated as gallic acid equivalent/g is presented in Table 1 . Among the five solvents used in this study, the highest amount of TPC was obtained in methanol extract (11.7 ± 0.43 mg of GAE/g dried extract) followed by water dichloromethane, acetone, and petroleum ether. The very small phenolic content was found in the petroleum ether extract (1.2 ± 0.10 mg of GAE/g dried extract) due to the less polarity aspect. A significant variation in TPC of the different solvent extract was observed which might be attributed to the polarities of compounds present in the fruit extract of C. grandis. These results are in agreement with a previous report which showed that methanol is the most efficient solvent for extraction of phenolic compound (Yen et al. 1995) .
Flavonoids are polyphenolic compounds which exhibit excellent scavenging activity against most of the oxidizing molecules such as singlet oxygen and several free radicals involved in many diseases (Bravo 1998) . Flavonoids, including flavones, flavonols, and tannins have shown potent antioxidant activity in vitro and demonstrated a wide range of therapeutic uses such as anti-inflammatory, antiviral, anti-carcinogenic, ant-aging, and anti-allergenic (Geetha et al. 2003; Shimoi et al. 1996; Prasad et al. 2009 ). In addition, certain flavonoids are capable of inhibiting enzyme aldose reductase involved in the diabetics (Chaudhry et al. 1983) . Flavonoids are ubiquitously found in vegetables and fruits. The TFC in the different solvent extracts of CGF calculated as quercetin equivalent/g dry extract and given in Table 1 . The quantitative analysis of total flavonoids revealed the highest amount in water extract (82.8 ± 7.8 mg QE/g dried extract) followed by methanol (78.2 ± 2.1 mg QE/g dry extract), acetone (53.4 ± 7.8 mg QE/g dry extract), dichloromethane (42.7 ± 4.3 mg QE/g dry extract), and petroleum ether (32.4 ± 4.2 mg QE/g dry extract) ( Table 1) . These results suggest the presence of a good amount of flavonoids in the fruit extract of C. grandis which increases with solvent polarity. The phytochemical screening for TPC and TFC of the CGFs extract is in good agreement with the report of Meenatchi et al. (2017) . Therefore, the presence of both phenolic and flavonoid contents in the fruits of C. grandis could contribute directly to the antioxidant activity by means of free radicals neutralization and inhibition of aldose reductase involved in the polyol pathway of diabetic complications.
Chemical composition of the CGF extracts
The GC-MS analysis was used for the identification of biologically active phytochemicals such as phenolics and flavonoids in the extract obtained from C. grandis fruits. Among different solvent extracts, GC-MS was performed on methanolic and water extracts of CGF only due to its highest content of total phenolic and flavonoid compounds. As shown in Table 2 , GC-MS analysis of methanol extract of CGFs resulted in the identification of 17 different chemical compounds representing 99.45% the relative area, with more than 90% similarity with that of the standard mass spectra in the data library. The pharmaceutically important chemical ingredients found in methanol extract were 2(3H)-furanone, 2-methoxy-4-vinylphenol, benzofuranone, 9,12-Octadecadienoic acid, tocopherol, campoesterol, stigmatosterol, and ethisteron. The results of the phytochemical analysis suggest that the methanol extract obtained from C. grandis fruits is characterized by the presence of alkaloids and phenolic compounds. The polyphenols which are regarded as natural antioxidants and some flavonoids are known to be effective in reducing the aldose reductase activity (Hsieh et al. 2010 ). Many of these identified compounds in the methanol extract of CGFs have already been reported from a number of plants (Song et al. 2015; Li et al. 2012; Gurnani et al. 2016) .
The GC-MS analysis of the crude water extract obtained from the fruits of C. grandis resulted in the identification of 11 phytochemicals representing 98.18% of the relative area in the aqueous extract. The water extract was predominated by fatty acids including n-pentadecanoic acid (18.20%), hexadecanoic acid (58.73%), linoleic acid (5.78%), oleic acid (1.10%), and a-tocopherol (11.72%) ( Table 3 ). The detection of significantly more fatty acids in the water extract could be due to its higher polarity than methanol. In addition, the presence of polar carboxyl group in fatty acids may be resulted into the appreciable solubility in water and thus observed by GC-MS analysis. It is known that fatty acids such as oleic acid and linoleic acid are essential in human nutrition as they helps to reduce the level of cholesterol and maintenance of nervous system, respectively (Sprecher 1981; Bourre 2006) . Two compounds, hexadecanoic acid methyl ester (0.67% in methanol and 0.32% in water) and tocopherol (10.24% in methanol and 11.72% in water) were found in both the extracts of CGFs. Various compounds identified from CGFs water extract have already been reported from other plant fruits and are known to be pharmacologically active (Gurnani et al. 2016; Zuo 2007, Zuo et al. 2002) . For example, hexadecanoic acid and a long-chain unsaturated fatty acid such as linoleic acid are known to have potential antioxidant and antimicrobial properties, respectively (Wei et al. 2011; Chang et al. 2005) . The rich content of phenolics, flavonoids, and other phytochemical in the fruits of C. grandis strengthens our study as these are the important bioactive compounds known to inhibit the aldose reductase activity. However, further study on the isolation of individual phytochemical constituent from CGFs and subjecting it to the biological activity will be helpful for antidiabetic drug development.
ARI activity profile
Aldose reductase, the first and rate-limiting enzyme in the polyol pathway that reduces excess glucose into sorbitol (Kato et al. 2009 ). It is suggested that the inhibition of aldose reductase by natural products is a best therapeutic strategy to ameliorate diabetic complications (Karasu et al. 2012) . Therefore, in the present study, all the fruit extracts of C. grandis were evaluated in vitro for their ability to inhibit aldose reductase activity with quercetin as a reference. The IC 50 values were determined for those CGFs solvent extract only which showed greater than 50% inhibition and the corresponding data, as shown in Fig. 1 .
Among the five solvent tested, four CGF extracts (100 lg/ mL concentration) were found to inhibit the bovine lens aldose reductase activity with IC 50 values ranging from 6.50 to 87.40 lg/mL. The methanol and aqueous extracts were more potent in ARI, as indicated by its lower IC 50 values (6.12 and 6.50 lg/mL, respectively) in comparison with those of the other extracts. These values are relatively comparable to the standard quercetin which has IC 50 value 7.15 lg/mL. Altogether, methanol and water extracts of CGF were found effective at all concentrations including 10, 25, and 50 lg/mL, while the dichloromethane and acetone extract did not produce significant ARI activity at similar concentrations. Among all the extract, petroleum ether extract was found to exhibit the least ARI potential (15.0 ± 0.2%). As methanol and aqueous extracts of CGFs showed potent ARI activity, it could be useful to treat early stage diabetic complications. The ARI effect of plant phytochemicals has been attributed to the presence of phenolics and flavonoids, which are reported to reduce the carbohydrate hydrolyzing enzymes activities (Viswanatha et al. 2010) . Such phytochemicals are also capable of reducing the oxidative stress by scavenging reactive oxygen species and prevent the damage to cell (Girija et al. 2011) . In addition, the presence of polyphenolic and total flavonoids in the fruit extract has been reported to possess anti-glycan effect (Meenatchi et al. 2017 ). This strengthens our study, because fruits of C. grandis also contain high amounts of TPC, TFC, and other phytochemicals.
Antioxidant ability against ABTS *1 and DPPH* It has long been recognized that naturally occurring substances in higher plants possess antioxidant activity. Among these substances, the phenolics and flavonoids which are the secondary metabolites of plants have the ability to scavenge a wide range of free radicals and hydroxyl radicals by single electron transfer (Zou et al. 2004) . In addition, these molecules are capable of chelating metal ions and, therefore, reduce their prooxidant ability (Pham et al. 2013) . Thus, evaluation of antioxidants activity, specifically the free radical scavenging abilities, has been suggested to screen bioactive compounds with regard to phenolics, flavonoids, anthocyanins, and carotenoids for human health benefits (Lee et al. 2013; Denardin et al. 2015) . ABTS *? and DPPH* assays are the most widely accepted tools for antioxidant activity determination in food industries owing to their great reproducibility (Lee et al. 2013; Denardin et al. 2015) . Hence, we investigated the scavenging effect of CGFs extract in comparison with those of Trolox (positive control) and BHT (positive controls) and expressed as percentage inhibition against ABTS and DPPH radicals, respectively.
Results of the antioxidant assay revealed that all the five extracts were able to scavenge ABTS *? at 100 lg/mL concentration. However, the methanol extract exhibited the highest ABTS *? scavenging ability (95.8%) followed by water (88.4%), dichloromethane (61.0%), acetone (57.4%), and petroleum ether (43.2%) ( Table 4 ). The methanol extract free radical scavenging ability was slightly lower than Trolox (96.4%). Thus, the addition of phenolics rich CGFs to the food can enhance the antioxidant ability of diets. The strong antioxidant properties of phytochemicals are responsible for lowering the risk of developing chronic disorders (Rao et al. 1999) . It is known that the effectiveness of phenolic compounds depends on the molecular weight, number of aromatic rings present, and the nature of hydroxyl group's substitution (Hagerman et al. 1998) . In the present study, free radical scavenging activity of CGFs extracts might be due to the presence of high molecular phenolics, such as flavonoids and phenolic acids as revealed by GC-MS analysis.
The free radical scavenging activity was further tested by measuring the ability of CGF extract to quench the DPPH*. The DPPH values of the CGF extracts from different solvent differed significantly (Table 4) . The highest scavenging effect was observed in the methanol extract (91.8%) followed by water (84.2), dichloromethane (57.5%), acetone (54.2%), and petroleum ether (40.0%). These results suggest that methanol extract which content the highest amount of total phenolics and flavonoids was the potential radical scavenger. A similar trend with methanol extract was observed for DPPH assay in that methanol extract showed strong antioxidant activity (Meenatchi et al. 2017) . The results from ABTS *? and DPPH* assays suggest that antioxidant activity of CGF extracts is strongly related to the nature of phenolic and flavonoid compounds present, thus contributing to their electron transfer hydrogen donating ability.
Results of triplicate experiments were expressed as the mean ± SD. Radical scavenging ability of the different solvent extracts of CGF and positive control was carried out at 100 lg/mL. Positive control: ABTS: Trolox, DPPH: BHT.
Hydroxyl radical scavenging ability
The hydroxyl radicals are often referred as extremely reactive free radical in the biological system. It has been implicated as highly potent oxygen-centred radical capable of tissue damage and cell death in the living systems (Hochstein and Atallah 1998) . Hydroxyl radical is very strong reactive oxygen species which react readily with 
% Inhibition
10 µg/mL 25 µg/mL 50 µg/mL 100 µg/mL IC 50 (µg/mL) Fig. 1 ARI activity of different solvent extracts of CGF. Results of triplicate experiments were expressed as the mean ± SD. Value of IC 50 followed by methanol, water, and acetone is significantly different (p \ 0.05). PE petroleum ether, DCM dichloromethane most biomolecules such as proteins, carbohydrates, lipids, and DNA in cells, and leads to carcinogenesis and mutagenesis in humans. There is no any specific enzyme present in the human body to defend against hydroxyl radical, and thus, it is essential to find a substance with good scavenging capacity against such reactive oxygen species. It is known that the hydroxyl radical scavenging capacity of plant extract is directly related to its antioxidant activity (Manian et al. 2008 ). Result of the scavenging effect of a different solvent extract of CGFs against hydroxyl radicals demonstrated that all the extracts possess good hydroxyl radical scavenging ability (Fig. 2) . The methanol and water extract showed significant hydroxyl radical scavenging activity with IC 50 values 48.9 and 74.9 lg/mL, respectively. However, petroleum ether and acetone extract did not decrease hydroxyl radical scavenging activity at similar concentrations. The ability of the methanol and water fruit extract to quench hydroxyl radicals appears directly related to the inhibition of propagation of lipid peroxidation. As these extracts were good scavengers of active oxygen species, it will reduce the rate of a chain reaction. Hydrogen peroxide scavenging by CGF extracts may be attributed to their phenolic content, which is known to donate electrons to H 2 O 2 and, therefore, neutralizes it to H 2 O (Saurav and Kannabiran 2012) .
Conclusion
The GC-MS data of CGFs extract demonstrated the presence of biologically active compounds. The methanol and water extracts obtained from the fruits of C. grandis showed potent ARI activity against bovine lens aldose reductase when compared with the standard quercetin. In addition, CGFs extract demonstrated strong antioxidant ability with that of known standards. The correlation between the phytochemical analysis and inhibition of aldose reductase suggests that the high content of flavonoids and phenolics in the CGF extracts could be involved in exerting the ARI and antioxidant activities. The presence of various phytochemicals in the methanol and water extracts as detected by GC-MS supports the use of whole fruit for therapeutic purpose. However, further efforts should be made to isolate the individual bioactive components from the fruits of C. grandis and evaluate its vivo ARI activity in animal models. This will contribute to developing natural drugs for the prevention and management of DM. 
